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IN THE e-H ELASTIC-SCATTERING CHANNEL ABOVE 10.0 eV

S. Ormonde~ and J. McEwen*
Quantum Systems, Inc. , Albuquerque, New Mexico 87108

and

Z. WiIliam McGowanf
Gulf General Atomic, Inc. , San Diego, California

(Received 21 October 1968; revised manuscript received 16 April 1969)

A wide structure observed experimentally in the elastic cross section for electron-
hydrogen-atom scattering below the n = 2 threshold is analyzed using close-coupling cal-
culations. Good agreement with experiment is found for the six-state approximation.

Recent measurements of the electron-hydro-
gen-atom elastic-scattering cross section show

a rather wide structure immediately below the n

=2 threshold. ' This structure has been qualita-
tively attributed' to the 'D and 'S compound states
of H that have already been partially discussed
in the literature, but until this report no compar-
ison between theory and experiment had been
made. '~' We report here the comparison between
theory and experiment wherein the theoretical
results were obtained by computing the differen-
tial cross section at 90, averaging over the ac-
ceptance angle of 15', and folding in the energy
distribution. We identify the principal compound
state of H contributing to the structure as the
'D resonance, and we find a substantial agree-
ment between our six-state calculations and ex-
periment.

The theoretical results are based on close cou-
pling calculations using both the three-state (Is-
2s-2p) and six-state (Is-2s-2p-3s-3p-3d) eigen-
function expansion. ' Previous comparisons of
different eigenfunction expansions for the lowest
lying 'S resonance indicated that potential scat-
tering up to the n = 2 threshold was reasonably

well described by the three-state expansion, but

the addition of the higher states was necessary
to describe resonance scattering more accurate-
ly. 4 In particular, the position of the first 'S res-
onance was found to be independent of the number

of states retained, but the width was decreased
by about 5% in using the six-state instead of the

three-state expansion. In Fig. 1(a) we show the
'D partial-wave contribution to the total cross
section over the resonance region calculated in

both the three- and six-state expansions. In con-
trast to the 'S result quoted, there is in the 'D

contribution a shift in the position of the reso-
nance induced by inclusion of the extra closed
channels. This shift raised the question of wheth-

er it was due to the proximity of the threshold or
to the inadequacy of the three-state expansion to
describe the higher angular momentum states in

the elastic channels. This second alternative
would be consistent with a similar effect noted in

the inelastic channels below the n = 3 threshold. '
The first alternative was eliminated by calculat-
ing the position and width of the second 'S reso-
nance which is also close to the n = 2 threshold.
The addition of the higher states had little effect.
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The close coupling 'D differential cross sec-
tions calculated at 90'were then averaged over a

FIG. l. (a) Close-coupling 'D cross sections over
the resonance region. (b) 'D cross sections folded with
the resolution of the experimental electron beam. The
theoretical calculations correspond to the left-most
scale, and the experimental points to the scale on the
right. Because the measurements are relative, the re-
sults are displayed as shown in order to emphasize the
agreement on shape between theory and experiment.

15' cone because that was the angle through
which the experimentally observed scattered
electrons were collected. They were then folded
with the resolution of the electron beam used in
the experiment (0.08 eV)'; this result is shown in

Fig. 1(b). A valid comparison with experiment,
however, can only be made if the S, P, and 'D

contributions to the cross section are included.
The major resonances in these contributions are
in 'S and P partial waves. The width of the 'S
resonance is a factor of 4 smaller than that of
the 'D resonance' and the 'P parameters are tab-
ulated along with 'D in Table I. Other resonanc-
es belonging to these series will be narrower and

cannot be expected to contribute anything signifi-
cant to the final result. The '~'S, '~'P, and 'D

background contributions were included in the
differential cross-section calculation at 90,
averaged over the 15 cone, and folded with the
experimental beam width as was done with the 'D

contribution alone. The calculation was also car-
ried out mith the 'S and 'D resonances, including

~ S, ~ P, and '~'D background phase shifts. At
90 the P-wave contribution to the cross section
should be zero, so the calculation was repeated
with no P-wave contributions and no 'S resonance
contribution. There was a, 1% change in the peak
value of the cross section and no change in the
position of the peak. In Fig. 2 we show the re-
sult of including the 'S and 'D resonances as well
as the '~'S and '~SD backgrounds in the calcula-
tion. This result is also within 1% of the two re-
sults just quoted. This shows conclusively that
the dominant contribution to the experimentally
observed structure comes from the compound 'D

state of the e-H system. The absolute scale for
the experimental points was obtained by normal-

Table I. Peak position of the D cross section, and position and width of the theoretical D and 3P resonances,
all in eV.

D resonance alone
Unfolded Folded

1 1D, S resonance + background
Unfolded Folded

3 state
6 state
Expt. a

10.156
10.122

10.149
10.115

10.163
10.129

10.183
10.149

10.13 +0.015

3 state
6 state

10.194
10.190

0.0008
0.0002

10.160
10.126

0.0078
0.0088

See H,ef. 1.
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about the values of the phase shifts immediately
above and below the n = 2 threshold. Consequent-

ly, for the folded cross-section calculations we

extrapolated all the phase shifts across the
threshold.

In summary, we have shown that in the elastic-
scattering channel immediately below n = 2, the

description by the close-coupling approximation
of the D states of H depends on whether the n
= 3 states of the neutral atom are included in the
eigenfunction expansion. We have also shown

that the 'D compound state of H is the dominant
contribution to the experimentally observed
structure and we would like to suggest that this
be verified by a measurement of the differential
cross section at 54 ~', the angle at which the D

contribution is zero.
We would like to acknowledge here the careful

and patient help of Miss K. Thomas throughout
these calculations.

IO.O I O. I

EL,ECTRON ENERGY ( eV)

IO.2

FIG. 2. Cross-section calculation at 90' including
'D, S resonances and & S, ~ D background averaged
over 15' acceptance angle and folded with the resolu-
tion of the experimental electron beam. The experi-
mental points are here normalized using the scale ob-
tained by normalizing the measured differential scat-
tering data in the region below the lowest S resonance
to the calculated cross section in that region.

izing the measured differential scattering data in

the region below the lowest (i.e., at 9.56 eV) 'S

resonance to the calculated cross section using
the best available phase shifts. ' The effect of in-

cluding the background in the folded and unfolded

cross sections is summarized in Table I.
Because of the energy spread of the bombard-

ing electrons, the measurements for energies
nominally below n = 2 contain some information
from above n =2. As it is difficu?t to calculate
the elastic-scattering phase shifts through and

immediately above the inelastic threshold and

since the resonance lies so close to the n = 2

threshold, comparison with experiment could be

carried out only if some assumptions were made
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